over 4 y e a r s could be accounted f o r by t h e phenomenon of r e g r e s s i o n toward t h e mean, with t h e exception of C-LDLwherethe observed means d i d not i n c r e a s e a s one would expect due t o r e g r e s s i o n towards t h e mean ( 2.05). a f u r t h e r example of t i g h t t r a c k i n g a t law C-LDL l e v e l s . For c h i l d r e n whose i n i t i a l t o t a l plasma, c h o l e s t e r o l , t r i g l y c e r i d e , C-LDL. and C-HDL were i n t h e h i g h e s t d e c i l e , 46% ( f o r c h o l e s t e r o l ) , 27% ( f o r t r i g l yc e r i d e ) . 27% ( f o r C-LDL), and 45% ( f o r C-HDL) remained i n the h i g h e s t d e c i l e a f t e r 4 y e a r s follow-up.
INTRODUCTION I n both population (1) and family s t u d i e s (5) low and high d e n s i t y l i p op r o t e i n c h o l e s t e r o l l e v e l s (C-LDL. C-HDL) r e s p e c t i v e l y a r e p o s i t i v e l y and i n v e r s e l y a s s o c i a t e d with r i s k f o r coronary h e a r t d i s e a s e (CHD). C-HDL's r e l a t i o n s h i p with CHD appears t o be independent of o t h e r l i p o p r o t e i n s ( 1 ) .
I f c h i l d r e n v i t h low l e v e l s of C-LDL a n d l o r low l e v e l s of C-HDL were t o p e r s i s t a t t h e s e lower l e v e l s over time and i n t o adulthood, then q u a n t i t a t i o n of l i p op r o t e i n s i n c h i l d r e n might permit t h e e a r l y i d e n t i f i c a t i o n of persons a t diminished r i s k t o f u t u r e CHD (low C-LDL) (1,5.15) 
o r r e l a t i v e l y increased r i s k t o f u t u r e CHD (low C-HDL) ( 1 ) . The phenomenon of i n d i v i d u a l s maintaining t h e i r rank p o s i t i o n within l i p i d and l i p o p r o t e i n d i s t r i b u t i o n s i s r e f e r r e d t a a s t r a c k i n g ( 2 ) .
The c u r r e n t study was designed t o a s s e s s t r a c k i n g of plasma c h o l e s t e r o l , t r i g l y c e r i d e . C-HDL and C-LDL i n c h i l d r e n i n i t i a l l y i n t h e lowest and h i g h e s t d e c i l e s f o r t h e s e v a r i a b l e s , v i t h follow-up over a four-year period i n t h e C i n c i n n a t i Lipid Research C l i n i c ' s (LRC) Princeton School Study ( l l , l 3 , 1 4 ) .
MATERIALS AND METHODS

S u b j e c t s
Following t h e c o l l a b o r a t i v e NHLBI-LRC p r o t o c o l (11.13.14) f a s t i n g plasma c h o l e s t e r o l and t r i g l y c e r i d e were measured a t a f i r s t v i s i t , ( V i s i t l ) , i n 7,297 school c h i l d r e n , ages 6-17 y e a r s . Of t h e s e c h i l d r e n , 1,689 were s t u d i e d a second time about s i x weeks l a t e r v i t h measurements o f l i p i d s and lipoprot e i n s ( V i s i t 2) (11.13.14).
These 1,689 c h i l d r e n included those with e l e v a t e d c h o l e s t e r o l (,205 mgldl), and e l e v a t e d t r i g l y c e r i d e (>I50 mgldl), as w e l l as f i f t e e n percent random s u b s e t of a l l c h i l d r e n seen at-visit 1 (11, 14) . Following V i s i t s 1 and 2, a d d i t i o n a l follow-up s t u d i e s were c a r r i e d o u t i n 1976 ( V i s i t 3). with r e p e a t sampling i n 1977 ( V i s i t 4) and 1978 ( V i s i t 5 ) . I n t h e f i r s t year of follow-up (1976. V i s i t 3 ) . s t u d e n t s i n grades 5 through 12 randomly drawn fram t h e prevalence population were r e s t u d i e d ; 529 p a r t i c i p a t e d . F a s t i n g plasma c h o l e s t e r o l and t r i g l y c e r i d e but not l i p o p r o t e i n s were measured a t V i s i t 3 i n 1976. I n 1977 ( V i s i t 4). and i n 1978 ( V i s i t 5) f a s t i n g plasma c h o l e s t e r o l . t r i g l y c e r i d e , C-HDL, and C-LDL l e v e l s were measured i n 203 and 141 s t u d e n t s r e s p e c t i v e l y .
Blood Sampling Techniques, Lipid and Lipoprotein Q u a n t i t a t i o n .
Blood was taken a f t e r a 12-14 hour f a s t , t h e plasma separated i n a r e f r igerated c e n t r i f u g e , and l e v e l s of c h o l e s t e r o l . C-HDL. C-LDL, and t r i g l y c e r i d e s measured following t h e methods of t h e Lipid Research C l i n i c ' s Laboratory Methods Manual ( 7 ) . Using t h e Technicon AutoAnalyzer 11, t h e Lipid Research C l i n i c ' s manual involves a Liebemann-Burchard method f o r c h o l e s t e r o l , a
I n t e r d a y c o e f f i c i e n t s of v a r i a t i o n f o r determination of plasma t r i g l y c e r i d e l e v e l s i n plasma pools c o n t a i n i n g 66 and 153 mgldl were 2.3% and 1.7%. Interday c o e f f i c i e n t s of v a r i a t i o n f o r determination of plasma C-HDL l e v e l s i n plasma pools c o n t a i n i n g 50 and 44 mgldl were 3.7% and 4.2% r e s p e c t i v e l y .
The i n t e r d a y c o e f f i c i e n t of v a r i a t i o n of plasma C-LDL l e v e l s i n a plasma pool c o n t a i n i n g 129 mgldl was 3.5%
S t a t i s t i c a l Analysis
Complete d a t a was a v a i l a b l e f o r 108 c h i l d r e n having blood samples taken a t V i s i t s 1 and 2 i n 1974-1975 and i n each of t h e t h r e e follow-up study y e a r s , 1976, 1977, and 1978 . The c h i l d r e n were ranked by each s e p a r a t e l i p i d and l i p o p r o t e i n measurement i n t o d e c i l e s . I n t h e event of t i e s , a l l c h i l d r e n i n t h e t i e d graup were assigned t h e same rank.
Those c h i l d r e n i n i t i a l l y i n t h e lowest and h i g h e s t d e c i l e s of t h e frequency d i s t r i b u t i o n s f o r c h o l e s t e r o l , t r i g l y c e r i d e . C-HDL, or C-LDL when f i r s t measured ( V i s i t s 1 and 2). were then followed a t l a t e r v i s i t s ( V i s i t s 2-5). t o determine where i n t h e l i p i d and l i p o p r o t e i n d i s t r i b u t i o n s they f e l l (Tables 1  and 2 ) . This r e p o r t p r i m a r i l y focuses upon t r a c k i n g of l i p i d s and l i p o p r o t e i n s i n c h i l d r e n i n i t i a l l y i n t h e lowest d e c i l e (Tables 1, 2, Figure 1 ) . while a d e t a i l e d and s e p a r a t e r e p o r t (9) a s s e s s e d c h i l d r e n i n i t i a l l y i n t h e h i g h e s t d e c i l e . A l l of t h e m a t e r i a l r e l a t i v e t o t h e lowest d e c i l e c h i l d r e n (and much of t h a t on t h e top d e c i l e ) i s e n t i r e l y o r i g i n a l t o t h i s r e p o r t .
The ranks of those i n d i v i d u a l s ( i n i t i a l l y i n t h e lowest d e c i l e ) were compared t o t h e ranks of t h e remainder of i n d i v i d u a l s . A Van d e r Waerden scores t e s t (10) was performed t o determine whether t h e d i f f e r e n c e between t h e two groups (lowest d e c i l e group, [low group]) and o t h e r d e c i l e s ( o t h e r group) a t V i s i t 1, f a r c h o l e s t e r o l and t r i g l y c e r i d e , o r V i s i t 2, f o r C-HDL and C-LDL, remained s i g n i f i c a n t f o r t h e s e s p e c i f i c c h i l d r e n a t subsequent v i s i t s . Table 3. For comparison of t r a c k i n g i n t h e lowest and h i g h e s t d e c i l e s f a r l i p i d s and l i p o p r o t e i n s , d a t a a r e a l s o presented f o r c h i l d r e n i n i t i a l l y i n t h e h i g h e s t d e c i l e s of t h e l i p i d -l i p o p r o t e i n d i s t r i b u t i o n s , and t h e i r subsequent p o s i t i o n s i n t h e d i s t r i b u t i o n a t V i s i t 5 (Tables 1 , 2 ) .
Frequency d i s t r i b u t i o n s f o r t h e "low group" a t V i s i t s 1 and 2 were obtained f o r subsequent v i s i t s (Figure 1 ) . As a graphic means of showing t h e degree of t r a c k i n g f o r c h i l d r e n i n i t i a l l y i n t h e lowest d e c i l e f o r each l i p i d and l i p o p r o t e i n , t h e d e c i l e l o c a t i o n over t h e four-year time span of follow-up f o r t h e s e s p e c i f i c c h i l d r e n i s presented (Figure 1 ) . This allows determination of t h e percentage of t h e s e c h i l d r e n i n t h e bottom d e c i l e a t t h e i r f i r s t v i s i t who remain i n t h e bottom d e c i l e o r were i n o t h e r d e c i l e s a t each subsequent v i s i t .
The expected e f f e c t , o r i n c r e a s e i n t h e mean value f o r those i n i t i a l l y i n t h e lowest d e c i l e , due t o r e g r e s s i o n toward t h e mean a t l a t e r v i s i t s , was c a l c u l a t e d using t h e method of Davis ( 3 ) , and compared t o t h e observed mean of t h e group i n t h e lowest d e c i l e , Table 4 . The only assumption needed t o use t h e method described by Davis (3) i s normality, which i s supported below.
Plasma c h o l e s t e r o l . C-HDL and C-LDL d i s t r i b u t i o n s were t e s t e d f o r normality and were found t o be n o m l by t h e Kolmogorov-Smirnov t e s t ( 7 ) . Plasma t r i g l yc e r i d e v a l u e s were normally d i s t r i b u t e d a f t e r a n a t u r a l l o g transformation.
RESULTS
Rank Order C o r r e l a t i o n s : I n i t i a l and Subsequent Measurements of Lipids and Lipoproteins.
For a l l 108 c h i l d r e n , t h e r e l a t i o n s h i p between i n i t i a l and subsequent measurements of l i p i d s and l i p o p r o t e i n s , u s i n g Spearman rank o r d e r (16) correl a t i o n s , were h i g h l y s i g n i f i c a n t ( 9 ) .
Plasma c h o l e s t e r o l a t V i s i t 1 was s i g n i f i c a n t l y c o r r e l a t e d w i t h c h o l e s t er o l a t V i s i t s 2 , 3, 4 , and 5 , p <. (Figure 1 ) .
t s . The h i g h e s t d e c i l e a t t a i n e d by a member of t h e i n i t i a l "low group" was t h e 5 t h a t V i s i t s 2 and 4 , t h e 4 t h a t V i s i t 3, and t h e 6 t h a t V i s i t 5 (Figure 1
) . T r i g l y c e r i d e v a l u e s f o r c h i l d r e n i n i t i a l l y i n t h e bottom d e c i l e were more dispersed a t l a t e r v i s i t s than were c h o l e s t e r o l v a l u e s a t l a t e r v i s i t s (Figure 1 ) . However, t h e mode of t h e frequency d i s t r i b u t i o n s f o r t r i g l y c e r i d e remained i n t h e bottom d e c i l e a t l a t e r v i s i t s
. Children i n i t i a l l y i n t h e bottom d e c i l e a t V i s i t 1 a t t a i n e d v a l u e s as high as t h e 5 t h d e c i l e a t V i s i t 2, t h e 6 t h d e c i l e a t V i s i t s 3 and 4. and t h e 9 t h d e c i l e a t V i s i t 5.
The made of t h e frequency d i s t r i b u t i o n f a r C-HDL remained i n t h e lowest d e c i l e a t V i s i t 4, and rase t o t h e second d e c i l e a t V i s i t 5. The h i g h e s t d e c i l e a t t a i n e d by a member of t h e "low group" f a r C-HDL was t h e 7 t h a t V i s i t 4 and t h e 6 t h a t V i s i t 5 (Figure 1 ) . Dispersion was g r e a t e r f o r C-HDL than f o r C-LDL. The mode of t h e frequency d i s t r i b u t i o n s f o r C-LDL always occurred i n t h e bottom d e c i l e . A l l i n d i v i d u a l s remained i n t h e bottom two d e c i l e s f o r C-LDL throughout a l l v i s i t s except two c h i l d r e n , a t V i s i t 5 , who r o s e t o t h e 5 t h and 6 t h d e c i l e
Longitudinal Tracking of L i p i d s and Lipoproteins f o r t h o s e Children I n i t i a l l e i n t h e Highest Decile f o r C h o l e s t e r o l , T r i~l y e e r i d e , C-HDL, and C-LDL.
As summarized by Table 1 
, a t V i s i t 5 , s i x of t h e t h i r t e e n (46%) c h i l d r e n i n i t i a l l y having plasma c h o l e s t e r o l i n t h e top d e c i l e remained i n t h e top d e c i l e ; 3 of 11 (27%) c h i l d r e n i n i t i a l l y having plasma t r i g l y c e r i d e and C-LDL i n t h e top d e c i l e remained t h e r e . At V i s i t 5, f i v e of t h e eleven (45%) c h i l d r e n i n i t i a l l y having C-HDL l e v e l s i n t h e top d e c i l e remained i n t h e t a p d e c i l e .
As shown i n Table 1 , a f t e r four y e a r s of follow-up, f o r t r i g l y c e r i d e , only about one t h i r d of childrmremained i n t h e i r i n i t i a l d e c i l e groups, e i t h e r low o r high. For C-LDL, 56% of t h o s e c h i l d r e n i n i t i a l l y i n t h e lowest d e c i l e group remained t h e r e , but only 27% of t h e c h i l d r e n i n i t i a l l y i n t h e h i g h e s t d e c i l e group f o r C-LDL remained t h e r e . Conversely, while only 13% of c h i l d r e n i n i t i a l l y i n t h e lowest d e c i l e f o r C-HDL remained t h e r e , 45% of those i n t h e top d e c i l e remained t h e r e a f t e r four y e a r s of follow-up. Table 1 Table 2 . (Table 3) . The d i f f e r e n c e i n mean c h o l e s t e r o l l e v e l s between those c h i l d r e n i n i t i a l l y i n t h e bottom d e c i l e a t V i s i t 1 and a l l o t h e r s was 44.8 mg/dl a t V i s i t 1, 34.5 a t
. I t should be noted, however, t h a t 55% t o 91% of c h i l d r e n i n i t i a l l y i n t h e lowest and h i g h e s t d e c i l e s f o r l i p i d s and l i p o p r o t e i n s remained i n t h e lowest and h i g h e s t t h r e e d e c i l e s r e s p e c t i v e l y a f t e r f o u r y e a r s , i n d i c a t i n g r e l a t i v e l y p e r s i s t e n t rank p o s i t i o n over time.
Chan~em&ean Levels of Plasma C h o l e s t e r o l , T r i x l y c e r i d r . C-HDL, and C -L L f o r those Children in t h e Bottom Decile a t the I n i t i a l V i s i t s and with follov_-
---. -. . --. ------ up Over T&.
Thedegreeoftrackingthatoccurred i n t h e bottom d e c i l e of t h e d i s t r i b ut i o n f o r l i p i d and l i p o p r o t e i n measurements (as s u m a r i z e d i n Figure 1) was a l s o a s s e s s e d by c o l l a t i n g t h e mean v a l u e s of t h e v a r i a b l e s found i n t h e c h i l d r e n i n t h e lowest d e c i l e a t V i s i t 1 f o r c h o l e s t e r o l and t r i g l y c e r i d e , and a t V i s i t 2 f o r C-HDL and C-LDL, and examining t h e mean l e v e l s of l i p i d s and l i p o p r o t e i n s from t h e s e s p e c i f i c c h i l d r e n a t subsequent V i s i t s 2, 3. 4 , and 5 f o r c h o l e s t e r o l and t r i g l y c e r i d e , and 4 and 5 f o r C-HDL and C-LDL
V i s i t 2, 36.2 a t V i s i t 3, 35.6 a t V i s i t 4 , and 35.1 a t V i s i t 5. Comparison
i f i c a n t l y lower v a l u e s a t V i s i t s 4 and 5 than those ranked i n t h e "other" groups (p<.0001). Table 3 .
Regression Towards t h e Mean
The expected means f o r t h e low d e c i l e group f o r c h o l e s t e r o l , t r i g l y c e r i d e , C-HDL, and C-LDL l e v e l s a t a l l v i s i t s were c a l c u l a t e d (3) and compared t o t h e observed means, t o determine t h e proportion of t h e i n c r e a s e i n t h e low group means a t l a t e r v i s i t s a t t r i b u t a b l e t o t h e phenomenon of r e g r e s s i o n towards t h e mean, Table 4 . The observed i n c r e a s e i n mean c h o l e s t e r o l i n t h e "law group" from V i s i t 1 t o V i s i t 2, 10.8 mgldl, was more than was expected. 6.0 mgldl. The observed i n c r e a s e s i n mean c h o l e s t e r o l i n t h e "low" group from V i s i t 1 t o V i s i t s 3-5, were 5.8, 3.0, and 1.5 mgldl r e s p e c t i v e l y , (Table 4 ) . These i n c r e a s e s were a l l l e s s than those expected by r e g r e s s i o n towards t h e mean. None of t h e above comparisons (observed vs. expected) were s i g n i f i c a n t , however. p > . I .
The observed mean t r i g l y c e r i d e l e v e l s f a r t h e "lowUgroup increased l e s s than expected except a t V i s i t 5 , where t h e observed i n c r e a s e i n t h e mean l e v e l was g r e a t e r than t h a t which was a t t r i b u t a b l e t o r e g r e s s i o n towards t h e mean. There was no s i g n i f i c a n t d i f f e r e n c e , however, p > . l , between t h e expected and observed means f o r t r i g l y c e r i d e a t each v i s i t .
Mean C-HDL l e v e l s increased about as much as expected a t V i s i t s 4 and 5 , Table 4 , b u t increments i n mean C-LDL were l e s s than expected.
Thus, t h e mean17. Voors, A.W.. Table 1 Percentage of Children, I n i t i a l l y Having Plasma Lipids and Lipoproteins E i t h e r i n t h e Lowest or Highest Deciles. Remaining There a f t e r Four Years of Follow-up.
Percent of Children Remaining i n I n i t i a l Decile Group I n i t i a l Decile Grout Cholesterol T r i g l y c e r i d e 9 C-HDL Lowest 60% 33% 56% 13% Highest 46% 27% 27% 45% Table 2 Percentage of Children, I n i t i a l l y Having Plasma Lipids and Lipoproteins E i t h e r i n t h e Lawest o r Highest D e c i l e s , Located i n t h e Lowest o r Highest Three D e c i l e s (Respectively) A f t e r Four Years of Follow-up Percent of Children I n i t i a l l y i n t h e Lowest and Highest Deciles Remaining i n t h e Lowest o r Highest Three D e c i l e s Respectively I n i t i a l Decile Group C h o l e s t e r o l T r i g l y c e r i d e Lowest 70% 67%
63%
78%
Highest 77% 55% 73% M.n U-1.
91%
of Chole.tcro1.
Tri8lle.ride C-HDL. and C-LDL (=/dl). 
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